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1. INTRODUCTION 
The Onchocerc ias i s  Cont ro l  Programme i s  c u r r e n t l y  based on c o n t r o l  o f  b l a c k f l y  l a r v a e ,  
f o r  which temephos i s  p r a c t i c a l l y  t h e  only  i n s e c t i c i d e  a v a i l a b l e .  Continuing de termina t ion  
of t h e  s u s c e p t i b i l i t y  o f  Simulium damnosum s.1. t o  t h i s  compound i s  t h e r e f o r e  v i t a l  f o r  
c o n t r o l  opera t ions .  I n  t h e  c a s e  of  l o c a l  f a i l u r e  o f  i n s e c t i c i d e  a p p l i c a t i o n  t h e r e  needs t o  
be  some way t o  de te rmine  whether t h i s  w a s  due t o  a p p l i c a t i o n  e r r o r s ,  a bad i n s e c t i c i d e  
formulat ion o r  t o  genuine  temephos (AbateR) r e s i s t a n c e .  
s e l e c t e d  only  from compounds t o  which b l a c k f l y  have n o t  y e t  developed r e s i s t a n c e ,  as a r e s u l t ,  
f o r  example, of  t h e  a g r i c u l t u r a l  u s e  of  such compounds. 
Fur ther ,  new products  should be 
It  would a l s o  be  u s e f u l  from t h e  s t a n d p o i n t  o f  p o s s i b l e  a d u l t  b l a c k f l y  c o n t r o l  t o  
g a t h e r  background informat ion  on t h e  s u s c e p t i b i l i t y  of S. damnosum s.1. a d u l t s  t o  t h e  
compounds contemplated f o r  t h e  purpose.  
I n  o r d e r  t o  c a r r y  o u t  such s t u d i e s  i n  t h e  programme zone, a r e l i a b l e  and r e p r o d u c i b l e  
tes t  method had f i r s t  t o  be developed. 
c o l l e c t  background d a t a  on S. damnosum s.1. s u s c e p t i b i l i t y  and t o  contemplate  a system f o r  
providing s u r v e i l l a n c e  o f  r e s i s t a n c e .  
2 .  TEST TECHNIQUES 
Once t h i s  problem w a s  solved,  i t  w a s  p o s s i b l e  t o  
( a )  T e s t i n g  l a r v a e  
Mouchet e t  a l .  (1977) reviewed t h e  d i f f e r e n t  methods proposed f o r  e v a l u a t i n g  t h e  
s u s c e p t i b i l i t y  of b l a c k f l y  l a r v a e ,  b u t  none of  them w a s  found t o  be a p p l i c a b l e  under f i e l d  
condi t ions  i n  t h e  Programme zone. 
The fo l lowing  method was then proposed by t h e s e  authors .  S. damnosum l a r v a e  taken  from 
l a r v a l  s i tes  w e r e  t e s t e d  on t h e  s p o t  o r  nearby. 
d iv ided  i n t o  ba tches  o f  25 and p laced  i n  bowls c o n t a i n i n g  t h e  a p p r o p r i a t e  d i l u t i o n  of 
i n s e c t i c i d e .  The bowls were p laced  i n  t h e  shade, where p o s s i b l e  i n  w e t  sand. A f t e r  t h r e e  
hours  c o n t a c t  t h e  number of  dead l a r v a e  were counted. Larvae were considered t o  be  dead 
when they were no longer  a b l e  t o  c u r l  up when touched. A s u b j e c t i v e  element c l e a r l y  e n t e r s  
T h e  i s s u e  of t h i s  d o c u m e n t  does .not  c o n s t i t u t e  Ce d o c u m e n t  n e  c o n s t i t u e  pas u n e  publ icat ion.  
formal  publ icat ion.  It s h o u l d  n o t  be rev iewed.  II  n e  doi t  fa i re  l 'objet d ' a u c u n  c o m p t e  r e n d u  ou 
a b s t r a c t e d  o r  q u o t e d  wi thout  . t h e  a g r e e m e n t  of r e s u m e  ni d ' a u c u n e  ci ta t ion s a n s  l 'autor isat ion d e  
t h e  Wor ld  Heal th  Organiza t ion .  A u t h o r s  a l o n e  l 'Organisat ion Mondiale  de  la S a n t e .  Les opin ions  
a r e  r e s p o n s i b l e  f o r  v i e w s  e x p r e s s e d  in s i g n e d  e x p r i m e e s  d a n s  les a r t i c l e s  s i g n e s  n 'engagent  
a r t ic les .  ' q u e  l e u r s  a '-&F~.Ï. e O. ikI. Funris Oacumentaire 
Fourth and f i f t h  s t a g e  specimens w e r e  
i n t o  the  assessment  of m o r t a l i t y ,  bu t  t h i s  drawback i s  obvia ted  i f  t h e  t es t s  are made by t h e  
same person each t i m e  o r  by p rope r ly  t r a i n e d  s t a f f .  
examined once more t o  make s u r e  they  are i n  f a c t  s t a g e  4 and 5 S. damnosum l a r v a e ,  because 
the  s u s c e p t i b i l i t y  of s t a g e  6 and 7 l a r v a e  i s . l o w e r ,  and f l u c t u a t e s .  
Af t e r  being t e s t e d ,  t h e  specimens are 
T e s t s  c a r r i e d  ou t  i n  1976 i n  t h e  Ivo ry  Coast and Mali ,  and la te r  throughout t h e  P r o g r m e  
zone, by s t a f f  from the I n s t i t u t  de Recherches s u r  l 'Onchocercose (IRO), Bouaké, Côte d ' I v o i r e  
showed t h a t  t h e  above method gave r e g r e s s i o n  l i n e s  t h a t  were p e r f e c t l y  v a l i d  from t h e  
s t a t i s t i c a l  po in t  of view. Mouchet e t  al .  (1977) a l s o  proposed a s imple method based on t h e  
use  of  a s i n g l e  d i a g n o s t i c  dose i n  cases  where ve ry  few l a r v a e  w e r e  a v a i l a b l e .  The temephos 
dose w a s  f i x e d  a t  0.25 ppm f o r  t h r e e  hours .  The same method w a s  found t o  be f e a s i b l e  f o r  
t e s t i n g  s u s c e p t i b i l i t y  t o  DDT and chlorphoxim. 
The method w a s  a l s o  found a p p l i c a b l e  t o  o t h e r  rheoph i l e  larvae of i n s e c t s  such as t h e  
Tr ichoptera  and might u s e f u l l y  be employed t o  compare t h e  s u s c e p t i b i l i t i e s  of b l a c k f l y  and 
members of t h e  non ta rge t  i n s e c t  fauna. 
(b)  Tes t ing  a d u l t s  
The WHO method proposed f o r  t e s t i n g  t h e  s u s c e p t i b i l i t y  of a d u l t  mosquitos,  c o n s i s t i n g  of  t 
exposure t o  impregnated papeys; w a s  t r i e d  o u t  on S. damnosum i n  t h e  Ivory  Coast,  where i t  
gave good, r ep roduc ib le  r e s u l t s  w i th  malathion.  The method, however, w a s  found t o  be 
unsu i t ab le  f o r  py re th ro ids  because t h e i r  ve ry  f i n e  c r y s t a l s  mig ra t e  i n t o  t h e  body of paper,  
which thereby  l o s e s  some of i t s  t o x i c i t y .  
Deposi t ing i n s e c t i c i d e s  on g l a s s  s l i d e s  i n s t e a d  of impregnated paper i s  now being 
It i s  hoped t o  develop a technique f o r  comparing t h e  t o x i c i t i e s  of s tud ied  a t  t h e  I R O .  
d i f f e r e n t  a d u l t i c i d e s  and perhaps a l s o  t h e i r  r e s i d u a l  e f f e c t s .  
3 .  SUSCEPTIBILITY OF S. DAMNOSUM I N  THE PROGRAMME ZONE 
3 . 1  Temephos 
The s u s c e p t i b i l i t y  of S. damnosum t o  temephos w a s  t e s t e d  i n  a number of un t r ea t ed  
l o c a l i t i e s :  4 i n  Niger ,  4 i n  Benin, 2 i n  Togo and 10 i n  t h e  Ivory  Coast. The r e s u l t s  showed 
t h a t  t h e  b a s i c  s u s c e p t i b i l i t i e s  of t he  d i f f e r e n t  spec ie s  groups of  t h e  complex va r i ed ,  bu t  
t h a t .  t h e  LC50 and LCg5 were homogenous w i t h i n  each group (Table 1). The LCg5/LC50 r a t i o s  
va r i ed  from 2 .3  t o  4 .  From t h i s  da t a  it w a s  concluded t h a t  t h e r e  w a s  no r e s i s t a n c e  t o  
temephos i n  t h e  West Afr ican  r eg ions  inves t iga t ed .  
I n  a d d i t i o n ,  a t e s t  c a r r i e d  o u t  a t  t h e  G r a b a  r i v e r  dur ing  an experimental  break i n  
i n s e c t i c i d e  a p p l i c a t i o n  gave normal r e s u l t s ,  proving t h a t  more than f i v e  years  of continuous 
a p p l i c a t i o n  had had no adverse e f f e c t  on s u s c e p t i b i l i t y .  The LC50 was 0.05 ppm, and the  
LC95 O. 1 7 ,  f o r  t h e  group S. damnosum-S. sirbanum. 
3 . 2  DDT 
I_ 
When s t u d i e s  f i r s t  began i n  1 9 7 6 ,  i t  became ev iden t  that  a number of s t r a i n s  of - 
S. soubrense a t  Danangoro, Ivory  Coast,  w e r e  r e s i s t a n t  t o  DDT. This  r e s i s t a n c e  i s  i n  f a c t  
much more widespread and inc ludes  t h e  S. damnosum-S. sirbanum group ( G u i l l e t  e t  a l . ,  1977). 
The r e s i s t a n c e  c o e f f i c i e n t  f o r  S .  soubrense on t h e  Marahoné a t  Bouaflé and f o r  S. damnosum 
and S .  sirbanum on the  Banif ing II i n  Mali can be over  20. A mean r e s i s t a n c e  c o e f f i c i e n t  of  
10 has  been observed among S .  damnosum-S. sirbanum on t h e  K i a t i t o  i n  Benin and on t h e  Sossoa i n  
Togo (Tables  2 and 3 ) .  
I 
These r i v e r s  have never  been t r e a t e d  w i t h  DDT f o r  the c o n t r o l  of b l a c k f l y  la rvae .  
However, t he  i n s e c t i c i d e  i s  widely used i n  a l l  t h e  d i s t r i c t s  concerned t o  c o n t r o l  co t ton  pes t s .  
The a g r i c u l t u r a l  use  of i n s e c t i c i d e s  unquest ionably seems t o  be imp l i ca t ed  i n a t h e  development 
of  r e s i s t a n c e  t o  DDT, as h a s  been confirmed by t h e  work of  Quélennec e t  al .  (1977), which 
showed t h a t  l a r g e  amounts of DDT and i t s  me tabo l i t e  DDE w e r e  t o  be found i n  t h e  mud of t h e  
Bandama and i n  i t s  f i s h  populat ion.  
Y 
3.3 ChlorDhoxim 
Tests were made i n  one l o c a l i t y  i n  M a l i  and f o u r  l o c a l i t i e s  i n  the Ivo ry  Coast. The 
LC50 of t h e  S. damnosun-S. sirbanum group on the Baoulé i n  M a l i  v a r i e d  from 0.0017 t o  0 ,019  o r  
by a f a c t o r  o f  n e a r l y  10 b u t  t h e  LCg5 v a r i e d  on ly  between 0.025 and 0.1. 
t h a t  some tes t s  gave a LCgg/LC50 r a t i o  of as much as 25, which raises doubts about  the 
s u s c e p t i b i l i t y  of the s t r a i n .  
t o  DDT, s t u d i e s  need t o  be  undertaken t o  make s u r e  t h a t  t h i s  r ise  i n  the LCg5 does n o t  i n d i c a t e  
t h a t  c r o s s  r e s i s t a n c e  between the two i n s e c t i c i d e s  i s  beginning t o  develop (Table 4 ) .  
It should be  noted 
A s  t h e  s t r a i n s  i n  t h i s  l o c a l i t y  a lso 'show moderate r e s ' i s t a n c e  I 
I n  t h e  Ivo ry  Coast a t  Wa and Madinani t h e  s u s c e p t i b i l i t y  o f  t h e  two s p e c i e s ,  S. yahense 
and S. squamosum, i s  c h a r a c t e r i z e d  by Le50 v a l u e s  of 0.0045 and 0.008 ppm and.by Leg5 v a l u e s  
of 0.24 ppm. The LCg5/LC5o r a t i o  given by t h e s e  two tests were 5.3 and 3 r e s p e c t i v e l y .  
Again i n  t h e  I v o r y  Coast,  a t  Gauthier  on t h e  Bandama, t h e  LC50 f o r  S. s a n c t i p a u l i  w a s  
0.0015 and t h e  LCg5 0.0047. 
a r e a  S. s a n c t i p a u l i  i s  s u s c e p t i b l e  t o  DDT. 
The LCgg/LC50 r a t i o  w a s  3.1. It should be n o t e d  t h a t  i n  t h i s  
4.  OUTLOOK FOR THE DEVELOPMENT OF RESISTANCE 
. .  
t Is i t  p o s s i b l e  t o  p r e d i c t  now whether b l a c k f l y  of t h e  S. damnosum complex w i l l  develop 
, r e s i s t a n c e  t o  temephos and i f  s o  when? Our op in ion  i s  that  no answer c a n - b e  given t o  t h i s  
. ques t ion  as long as t h e r e  a r e  no l a b o r a t o r y  techniques f o r  s u b j e c t i n g  t h e s e  i n s e c t s  t o  
s e l e c t i o n  pressure.  What i s  more, no th ing  i s  known of t h e  mechanisms of any resistance 
b l a c k f l y  may develop t o  organophosphorus compounds as s u c h - r e s i s t a n c e  has  never  been observed. 
There is agreement t h a t  two f a c t o r s  c o n t r i b u t e  t o  the development o f - r e s i s t a n c e ,  one i s  v e r y  
h igh  i n s e c t i c i d e -  p r e s s u r e  and t h e  Othe; t h e  speed o f  t h e  i n s e c t ' s  development c y c l e  and i t s  
pro li f i c a c y  . 
I 
The Programme zone i s  s u b j e c t e d  t o  ve ry  heavy i n s e c t i c i d e  p r e s s u r e  since a l l  l a r v a l  
s i t e s  i n  a cont inuous a r e a  o f  700 O00 km2 are t r e a t e d  once a week. However, i t  should be 
noted t h a t  S. damnosum s.1. has  completely disappeared i n  some places and can t h e r e f o r e  no 
longer  develop r e s i s t a n c e  t h e r e .  I n  a d d i t i o n ,  r e invas ion ,  f a r  from posing a t h r e a t ,  t ends  
on t h e  c o n t r a r y  t o  " d i l u t e "  t h e  genes of r e s i s t a n c e  whenever t h e s e  a p p e a r  i n  border  zones, 
s i n c e  t h e  invading f l i e s  come from non- t r ea t ed  areas. 
However, S .  damnosum s.1. h a s  a very  fast  r ep roduc t ion  c y c l e  (35 gene ra t ions  a y e a r )  and 
l a y s  a very l a r g e  number o f  eggs (100 t o  400 eggs pe r  l a y i n g ) ,  which would d e f i n i t e l y  h e l p  t o  
c o n t r i b u t e  t o  t h e  development of r e s i s t a n c e .  Furthermore, s e l e c t i o n  p r e s s u r e  i s  known i n  
many cases  t o  be t r i g g e r e d  by the u s e  o f  i n s e c t i c i d e s  i n  a g r i c u l t u r e .  B lack f ly  are n o t  
exempt from t h i s ,  as i s  shown by t h e i r  r e s i s t a n c e  t o  DDT i n  West Afr ica .  Up t o  now 
organophosphorus compounds have been l i t t l e  employed i n  a g r i c u l t u r e  i n  t h e  Programme zone b u t  
t h e i r  use appears t o  be expanding w i t h  t h e  i n c r e a s e  i n  h igh  y i e l d  crops (sugar  cane, c o t t o n ,  
e t c . ) .  Unfortunately,  t h i s  i s  a t r e n d  w e  can s e e  coming b u t  no th ing  can b e  done t o  m i t i g a t e  
i t s  e f f e c t s .  
Nevertheless ,  t h e r e  a r e  no grounds f o r  concluding t h a t  r e s i s t a n c e  t o  temephos w i l l  
appear i n  t h e  nex t  15 yea r s .  Mosquito popu la t ions  are known t h a t  have been t r e a t e d  w i t h  
organophosphorus compounds f o r  over 10 y e a r s  and have never shown any r e s i s t a n c e  t o  t h e s e  
products.  
5. CONCLUSION 
S t u d i e s  o f  b l a c k f l y  s u s c e p t i b i l i t y  t o  i n s e c t i c i d e s  i n  t h e  Programme zone have up t o  now 
been c a r r i e d  o u t  by t h e  I R 0  a t  Bouaké. I n  view o f  t h e i r  u se fu lness  f o r  t h e  Programme i t  would 
' seem an e s s e n t i a l  s t e p  t o  set  up a s u r v e i l l a n c e  system w i t h i n  t h e  zone as p a r t  of entomological  
eva lua t ion .  
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The methods f o r  de t e imin ing  s u s c e p t i b i l i t y  are r e l i a b l e  b u t  t h e  t es t s  need t o  be c a r r i e d  
o u t  by p r o p e r l y  t r a i n e d  s t a f f  w i t h  expe r i ence  i n  hand l ing  b l a c k f l i e s  i n  t h e  f i e l d .  This i s  a 
necessa ry  c o n d i t i o n  f o r  r e s u l t s  tha t  are comparable and capable  o f  showing up any d e c l i n e  i n  
t h e  s u s c e p t i b i l i t y  of b l a c k f l y  popu la t ions  t r e a t e d  r e g u l a r l y  w i t h  temephos. 
The r i s k  of temephos r e s i s t a n c e  needs t o  be taken ve ry  s e r i o u s l y  and t h e  Programme 
a u t h o r i t i e s  need t o  encourage the s e a r c h  €or a l t e r n a t i v e  compounds belonging t o  o t h e r  groups 
of chemical compounds. 
( 
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TABLE 1. MEAN SUSCEPTIBILITY TO TEMEPHOS OF DIFFERENT SPECIES GROUPS OF THE 
SIMULIUM DAMNOSUM COMPLEX I N  THE ONCHOCERCIASIS CONTROL PROGRAMME 
S, damnosum 
S. sirbanum 
S. soubrense 
S. s a n c t i p a u l i  
S. yahense 
S. squamosum 
Max. 
0.064 
0.028 
Me an 
O .  041 
0.02 
O. 045 
Min. 
0.027 
0.019 
LCg5 Ppm 
0.16 o.  11 
0.09 0.06 
0.11 
Min. 
0.09 
0.05 
Max. 
4 
3 . 3  
R a t i o  
Lc50 
Min. 4- 
No. of 
t e s t s  
made 
1 9  
9 
3 
v 
L o c a l i t y ,  
r i v e r ,  
coun t ry  
Wa 
Goué 
I v o r y  Coast 
Gauth ier  F a l l s  
Bandama 
I v o r y  Coast  
T j  okoronidougou 
Boa 
Ivo ry  Coast  
TABLE 2.  CHARACTERISTIC LETHAL CONCENTRATIONS FOR BLACKFLY POPULATIONS OF 
THE SIMULIUM DAMNOSUM COMPLEX SUSCEPTIBLE TO DDT 
I 
Spec ies  
S. yahense 
S. s a n c t i p a u l i  
S. damnosum- 
S. sirbanum 
S .  soubrense 
S. s a n c t i p a u l i  
Date 
13 May 1977 
29 March 1977 
O9 March 1976 
15  March 1977 
0.037 
O. 053 
0.038 
O. 052 
LCg5 PPm 
0.058 
O. 18 
0.064 
0.175 
Range of  
Lcloo 
0.06-0.12 
O. 25-0.50 
0.01-0.1 
O. 25-0.50 
Rat i o  
Lcgg 
Lc50 
1.5 
3.4 
1.6 
3.3 
I 
, ! t I '1 
... I - . . 
. .-  
L o c a l i t y  , 
r i v e r ,  
coun t ry  
Sossa 
Togo 
Bani f ing  II 
Mali 
Bouaf 16 
Mara h ou é 
I v o r y  Coast 
K i a t  i k o  
Benin 
Taouba ' 
Baoul6 
Mali . '. 
TABLE 3.  CHARACTERISTIC LETHAL CONCENTRATIONS FOR BLACKFLY POPULATIONS OF 
THE SIMULIUM DAMNOSUM COMPLEX RESISTANT TO DDT 
R a t i o  
Spec ie s  
S. damnosum 
S. sirbanum 
S. damnosum 
S. sirbanum 
S. soubrense 
dominant 
S. damnosum 
S. sirbanum 
S. damnosum 
S. sirbanum 
Date 
O9 November 1976 
18 February  1977 
1 8 0 F e b r u a r y  1976 
03 November 1976 
l 
i 
14 February  1977 
0.029 
0.098 
0.44 
O ,  038 
0.092 
LCg5 PPm 
1.25 
> 2.5 
> 2.5 
1 .25  
. 0.62 
Range of 
Lcloo 
> 1.25 
> 2.5 
7 2.5 
7 1.25 
1.25-2.50 
Lc50 
43 
> 25.5 
7 5.7 
32.8 
6.7 
C o e f f i c i e n t  
Of  a r e s i s t a n c e  - 
10.4 
> 21  
7 2 1  
10.4 
562 
a - The c o e f f i c i e n t  of r e s i s t a n c e  i s  the  r a t i o  of t h e  LC of t h e  DDT r e s i s t a n t  popu la t ion  t o  t h e  LC of s u s c e p t i b l e  
p o p u l a t i o n s .  95 .95 
I t 
i 
I ! 
I 
I i 
I 
! I 
i i 1 '  
l 
l 
1 
f 
TABLE 4. SUSCEPTIBILITY TO CHLORPHOXIM OF FOUR BLACKFLY POPULATIONS 
OF THZ SIMULIUN DAMNOSUM COMPLEX I N  MALI AND THE IVORY COAST 
LC50 PP 
O .  0035 
Country LCg5 Ppm 
0.068 
River  
and 
loca  1 i t y  
Baoulé a t  Mali  
Spec ies  
S. damnosum 
S. sirbanum 
I -
h T  3 
Bagoé a t  
Mad i n  an i 
Ivory  Coast  
S. yahense 
S. squamosum 
Bandaina a t  
Gau t h i e  r S. s a n c t i p a u l i  
O. 0045 0.024 
I 
Goué a t  Wa S .  yahense 
0.008 0.024 
0.0015 O. 0047 
Range of 
Lcloo 
0.1-0.25 
O 025- O.  05 
0.005-0.0125 
0.05-0.1 
R a t i o  I 
- Lc95 
Lc50 
19.4 I 
I 
3 
5.3 1 
I 
ì 
